Two experiments were conducted to examine changes in usage of energy and visceral organ mass in Targhee lambs selected on the basis of improved rate and efficiency of growth. In Exp. 1, Targhee ram lambs from a breeding line selected for improved growth rate and feed efficiency and a control line that was maintained without selection for 20 yr were provided with either a high (ad libitum) or low (maintenance) plane of nutrition. Rams were slaughtered and weights of the visceral organs were recorded. Analysis of variance, using a factorial model with BW as a covariant, was used to examine effects of lines of breeding, plane of nutrition, interaction between line of breeding and plane of nutrition, and days on feed. Weights of liver, kidneys, rumen, abomasum, and small and large intestines from lambs receiving a high plane of nutrition were, respectively, 39, 25, 12, 28,40, and 31% greater than weights of those tissues in lambs receiving a low plane of nutrition. Ruminal weights were 13% greater for rams from the select line of breeding than for those from the control line. In Exp. 2, seven Targhee ewe lambs from the select line and eight from the control line were examined for differences in heat production and energy usage by indirect open circuit respiration calorimetry using a completely randomized design. Fasting heat production of lambs from the select line was 7.8% greater than that of lambs from the control line. Partial efficiencies of ME used for maintenance and tissue accretion were not different between lines of breeding. Results of this study show that selection for improved rate and efficiency of growth can result in changes in usage of energy and visceral organ mass. 
Introduction
Breeding for improvements in growth rate and feed usage have led to increases in size and mass of alimentary tract tissues (Peterson et al., 1979) and liver and kidneys (Eisen et al., 1978) . These increases may be necessary to increase feed consumption and ultimately to increase assimilation of nutrients into tissues. found increased oxygen consumption and Na+, K+ ATPase-dependent respiration rates of small intestinal mucosa from Targhee rams selected for improved rate and efficiency of growth. Small intestinal mucosa mass was not different between lines of breeding but was affected by plane of nutrition. Previous studies showed increased visceral organ mass in pigs (McMeekan, 1940; Koong et al., 1983) , sheep (winter et al., 1976; Ferrell and Koong, 1987) , and cattle (Jones et al., 1985) caused by increasing energy intake. Taylor et al. (1986) hypothesized that selecting cattle on the basis of gross efficiency for meat or milk production decreased efficiency of energy used for maintenance. Hofstetter and Wenk (1987) showed that pigs selected for leanness and rapid growth had greater needs for ME for maintenance (MEA than those selected for fatness and slow gain. The purpose of this experiment was to study differences in energy usage and visceral organ mass due to selection for growth rate and feed conversion in Targhee rams given high and low planes of nutrition.
Materials and Methods
This study used Targhee ram lambs from a breeding l i e selected for improved growth rate and feed efficiency along with a control line that was maintained without selection for 20 yr. The select line was developed over a 15-yr period by selecting for rate of gain and feed conversion as described by Dodson et al. (1983) .
Experiment I
Thirteen ram lambs (56 kg BW) from each of the two lines of breeding were randomly assigned to receive either a high or low plane of nutrition that consisted of an 80% d e hydrated alfalfa meal pellet and 20% cracked corn diet at either 100 or 40% ad libitum intake levels, respectively. Rams at the 100% ad libitum intake level were confined to the same pen and received feed from a self-feeder. Rams at the 40% ad libitum intake level were confined to individual pens and given two meals daily. All lambs were given ad libitum access to feed for 2 wk before beginning the trial; their level of intake was used to calculate the 40% ad libitum level used in the trial.
Rams were slaughtered 22 to 34 d after the beginning of the trial. Rams were stunned with a captive bolt gun and exsanguinated by severing the external jugular veins. Weights of the liver, heart, lungs, and kidneys were! recorded Weights of fat-free empty digestive tract components were recorded in addition to weights of the combined fat depots from the caul and mesenteric regions. Difference in weight between full and empty digestive organs was considered fill. Difference between live BW and fill was considered empty BW.
Analysis of variance, using a factorial model with empty BW as a covariant, was used to examine the effects of lines of breeding, plane of nutrition, interaction between line of breeding and plane of nutrition, and length of time on trial.
Experiment 2
Seven Targhee ewe lambs (41 kg live weight) from the select line of breeding and eight ewe lambs (40 kg live weight) from the control line were given a diet consisting of 80% dehydrated alfalfa meal pellets and 20% cracked corn at a high level of intake (90 g of DM.d-1.BW-.75) for 3 wk. During the 3rd wk of feeding, heat production was measured by an open-circuit indirect respiration calorimetry over two successive 22-h periods as described by Rompala et al. (1988) . Afterward, lambs were fed at a low level of intake (45 g of DM.d-1.BW-.75), which was estimated to provide ME at levels just below maintenance, for 3 wk. Heat production was measured during the 3rd wk over two successive 22-h periods. Subsequently, lambs were fasted for 70 h. Heat production was measured over the last 22 h of the fast.
Metabolizable energy of the diet was determined from total fecal and urinary collections from four lambs from each line of breeding using a crossover design. Lambs were adjusted to either high or low intakes for 3 wk Lambs were placed into metabolic crates for 5 d during the collection period. Feed, fecal, and urinary samples were analyzed for GE using an adiabatic oxygen bomb calorimeter. The slope derived from hear regression analysis of the relationship between heat production and ME intake scaled to BW75 from fasting to intakes of 45 g of DM.d-1.BW-.75 was considered the partial efficiency of ME used for maintenance (kd. Metabolizable energy required for maintenance (h%E, , J was determined by extrapolating k, to a point where heat production equaled ME intake (NRC, 1981). The slope derived from linear regression analysis of the relationship between heat production and ME intake from ME, to ME intake of 90 g of DM.d-1.BW-.75 was considered the partial efficiency of ME retained in tissues (kJ.
Analysis of variance using a completely randomized design was used to examine differences in C@, @, heat production, w, b, and k, at fasting and intakes of 45 and 90 g of DM-d-1-BW--75 due to line of breeding.
Results and Dlscussion

Experiment 1
One ram from the control line of breeding receiving a low plane of nutrition was removed from the trial because of a severe leg problem. Analyses of feed intakes and growth rates were described previously . Average daily gain was similar for control and select rams, .21 f .03 kg and .24 f .03 kg, respectively. Rams receiving a high plane of nutrition had greater daily rates of gain than those given a low plane, .40 f .03 kg vs .04 f .03 kg, respectively (P < .01). Average daily DM consumption was 3.25 kg for rams receiving a high plane of nutrition and 1.46 kg for those given low energy intakes. Length of time on experiment (22 to 34 d) did not affect feed intake or growth rate (P > .lo).
Rams receiving a high plane of nutrition had greater live and empty BW than those on the low plane (Table 1) . Providing rams with a high plane of nutrition resulted in greater weights of liver, lungs, heart, kidneys, rumen, abomasum, and small and large intestines than those measured in lambs on the low plane.
However, only the liver, kidneys, rumen, abomasum, and small and large intestines were greater in weight as a result of the high plane of nutrition when compared at a constant empty BW ( Table 2) . No weights were affected by an interaction between line of breeding and plane of nutrition.
Weights of the rumens from selected rams were greater than those from control rams ( Table 1) . Weights of all body organs except for the rumen were similar between control and select rams when compared at constant empty BW. Plane of nutrition has been shown previously to affect weights of ovine visceral organs (Winter et al., 1976) . Koong et al. (1985) showed that weights of liver, kidneys, stomach, and small and large intestines were closely related to empty BW and rate of gain of pigs. In addition, Koong et al. (1985) showed that differences in whole-body energy expenditures associated with fasting heat production and maintenance were related to weights of metabolically active visceral organs. found no relationship between dietary energy intake and oxygen consumption rate of ovine small intestinal bDifferrnces between plane of nutrition (P < .oI). CDifferences between plane of nuhition (P < .OS).
dDirrerences between lines of breeding (P < .OS). %iffemus between lines of breeding (P < .05).
mucosa. However, the same study showed that a marked increase in intestinal mucosa mass was associated with an increased energy intake. Ferrell and Koong (1987) showed that changes in visceral organ mass caused by modifying energy intake were rapid. Rompala and Hoagland (1987) reported that weights of ovine small and large intestines, stomach complex, and liver increased by 15, 15, 10, and 21%, respectively, when level of feed intake was increased from 50 to 100% of ad libitum intake levels. Results of the present study are in agreement with past studies showing a close relationship between plane of nutrition and visceral organ mass ( Table 2) . Petersson et al. (1979) concluded that pigs with a greater capacity for lean tissue growth had greater small intestine weights. Koong et al. (1983) found no differences in weights of small intestine, liver, and kidneys between genetically lean and obese pigs. However, lean pigs had greater weights of the stomach, large intestine, pancreas, heart, and spleen than obese pigs when fed at constant feed intake levels. Previous studies conducted by Dodson et al. (1983) and showed greater plasma growth hormone and thyrotropin levels and tissue oxygen consumption rates, respectively, for rams from the select line than for those from the control line. Differences in plasma growth hormone and thyrotropin levels and tissue metabolic rates observed in previous studies and greater rumen weights observed in the present study may enable rams selected for growth to consume and metabolize nutrients at greater rates that ultimately lead to greater rates of tissue accretion. However, neither previous studies nor the present study compared select and control rams fed at a high plane of nutrition at a constant feed intake. It is possible that observed differences in hormone levels observed by Dodson et al. (1983) , tissue oxygen consumption rates , and ruminal weights between lines of breeding were caused by differences in feed consumption. These observations emphasize the importance of identifying factors that regulate feed intake, growth, and partitioning of nutrients in order to develop methods for improving efficiency of production.
Experiment 2
Carbon dioxide production, oxygen consumption, and heat production after a 48-h fast were greater for lambs from the select line of breeding than for those from the control line (Table 3) . Respiratory quotients averaged .71 for lambs from both lines of breeding during fasting. No differences were detected in gaseous exchange and heat production between lines of breeding at low and high levels of intake. Respiratory quotients averaged 1.0 for lambs at both low and high levels of intake. Previous studies showed that cattle possessing a higher potential for milk production among genotypes had greater maintenance requirements than those from genotypes with lower milk production potential (Garrett, 1971; Ferrell and Jenkins, 1984; Taylor et al., 1986) . Taylor et al. (1986) hypothesized that the greater the potential for gross efficiency of a breed for either meat or milk production, the greater its maintenance cost. Further observations by Taylor et al. (1986) indicated that greater ME, values for genotypes that had greater production potentials were attributed to a reduced k, rather than to an increase in fasting heat production.
There are only a limited number of studies that have examined the effect of selection for improvement in production within genotype on the partitioning of energy. Results of the present study indicated that selection for improvement in rate and efficiency of gain in Targhee sheep increased fasting heat production. The trend observed for increased ME, as a result of selection for increased rate and efficiency of gain was not due to differences in b, in contrast to conclusions drawn by Taylor et al. (1986) . Hofstetter and We& (1987) (1977) with Zucker rats. Partial efficiencies for ME retained in tissues were similar between lines of breeding, Differences in k, are manifested with changes in composition of gain as efficiency of ME retaiued as fat is greater than that for protein (Pullar and Webster, 1977) .
Results of this study indicate that selecting to improve efficiency of production results in increased FHP. A trend for differences in ME, caused by selection for improved rate and efficiency of gain was observed that was attributed to the difference in FHP rather than b. There were no indications that selection for improved rate and efficiency of gain affected &.
implications
Selecting livestock on the basis of superior growth rate and efficiency of feed usage has been a common practice to improve production. Results of the present study showed that selection for improved rate and efficiency of growth was associated with increased fasting heat production and weight of the rumen. Changes in anatomy and energy usage caused by selection must be understood to improve growth and feed usage and to implement new methods of improving livestock production. Aoim. Sei. 57:338. Eisen, E. I., J. F. Hayes, C. E. Allen, H. Bakker and J. Nagai.
